The achievement of complete tumor resection with tumor-free margins is one of the main principles of oncologic surgery for head and neck squamous cell carcinoma (HNSCC). The negative prognostic influence of a positive margin (PM) across all head and neck subsites has been well established. National guidelines recommend the use of adjuvant chemoradiation therapy (CRT) in the setting of PM.
O ne of the main principles of head and neck oncologic surgery is the achievement of complete tumor resection and tumor-free margins. 1 The negative prognostic effect of a positive margin (PM) in head and neck squamous cell carcinoma (HNSCC) has been well established.
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Although there are a number of pathologic features that place patients at high risk for local recurrence (eg, involved lymph nodes, extracapsular extension, perineural and lymphovascular invasion), PM is the only one that has potential for intraoperative modification. If PM is identified after surgical resection of HNSCC, National Comprehensive Cancer Network (NCCN) guidelines recommend the use of adjuvant chemoradiation therapy (CRT).
There are growing data in head and neck cancer literature on the association between outcomes and surgery-related factors. Large population-based studies have demonstrated positive associations between survival rates and surgical case volume, of both the surgeon and the treating hospital. 8, 9 Furthermore, the influence of the type of treating hospital has also been studied, with academic facilities producing better outcomes than nonacademic facilities among patients treated with adjuvant radiation therapy. 10, 11 Regarding PM and surgery-related factors, a high rate of PM has been associated with treatment at nonacademic facilities and institutions with low oral cancer case volume, but these studies are limited in scope with respect to head and neck subsites and staging. 12, 13 Using a contemporary data set, our aim was to determine the incidence of PM in HNSCC of all stages across multiple subsites and the factors associated with PM occurrence. We hypothesized that margin status is associated with treatment facility characteristics and that the prescription of adjuvant CRT is different across facility types.
Methods

Data Source
Data for this study came from the National Cancer Database (NCDB), a joint project of the American Cancer Society and the American College of Surgeons Commission on Cancer (CoC). The database captures more than 80% of newly diagnosed head and neck cancers from approximately 1500 CoC-accredited facilities around the United States. 14 The NorthShore University HealthSystem Institutional Review Board granted this study exempt status, and patient informed consent was waived because the study was retrospective and data from the NCDB were deidentified.
Study Cohort
We identified patients diagnosed with invasive HNSCC from 2010 through 2014 who were then treated with definitive surgery. The cohort was limited to patients with clinical stage I through IVB tumors (excluding those with clinical T4b disease) of the oral cavity, oropharynx, larynx, and hypopharynx, based on the American Joint Committee on Cancer 7th edition. 15 Those with grade 4 tumors, other invasive malignancies, and unknown or indeterminate margin status; who underwent local tumor destruction or biopsy; and who received care at facilities other than the diagnosing facility were excluded. We restricted the cohort to patients who received surgery at the facility that reported their cases to the NCDB. Finally, those younger than 40 years were excluded, because data on the type of treating facility (eg, academic, community) is unavailable in the NCDB for those younger than 40 years. We identified approximately 2900 patients (10.2% of the entire cohort) with TX listed for their pathologic T category.
We ran a sensitivity analysis excluding this TX cohort and found that it did not affect the results.
Statistical Analysis
Unadjusted risk ratios for PM, with corresponding 95% CIs, were computed for demographic, clinical, and facility factors. Demographic factors included age, sex, race/ethnicity, insurance, and socioeconomic status (from an aggregate of countylevel median income and education). Clinical factors included the Charlson-Deyo comorbidity score, 16 primary site, tumor grade, clinical grouped TNM stage, pathologic T category, and pathologic N category. Facility characteristics included the facility mean annual surgical volume (grouped into <25th, 25th-75th, and >75th percentiles), facility location, and facility type (ie, academic, nonacademic). Nonacademic facilities were characterized by their lack of residency training program requirements and were categorized according to their annual caseloads. Nonacademic facilities included community cancer programs (CCPs) (100-500 new cases per year), comprehensive community cancer programs (CCCPs) (>500 new cases per year), and integrated network cancer programs (INCPs) (organization with multiple facilities related to cancer care, 1 of which is a CoC-accredited hospital; no minimum caseload). Surgical margins were coded into the NCDB as negative, positive (divided into macroscopic residual tumor, microscopic residual tumor, and residual tumor not otherwise specified), indeterminate, or not available/unknown. Margin status was coded as it appeared in the pathology report of the reporting facility. Multivariable analysis of predictors of PM was performed using a generalized estimating equation model with logit link and exchangeable correlation structure, accounting for patient clustering at facilities and adjusting for the same demographic, clinical, and facility factors as in the univariable analysis. Facility volume was treated as a continuous
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Question For patients with head and neck squamous cell carcinoma, do positive margin (PM) rates vary according to treatment facility case volume, and are patients referred for chemoradiation therapy if they have PM?
Findings For this retrospective cohort study, the National Cancer Database was used to identify 28 840 patients with an overall PM rate of 17.6%. In both univariable and multivariable analyses, higher facility volume was associated with a lower PM rate; however, no association was found between facility volume and likelihood of receiving adjuvant chemoradiation therapy in the setting of PM.
Meaning Facility volume appears to be associated with patient likelihood of receiving a PM resection.
variable in this analysis. We predicted average marginal effects of facility volume from this model as the probability of PM and plotted this along with true observed PM rates to directly compare unadjusted and adjusted volume-outcome relationships.
To evaluate whether the facility volume effect was influenced by facility type, we computed a multivariable generalized estimating equation model that allowed for an interaction between facility volume and facility type (ie, academic, nonacademic). We then plotted predicted and observed probabilities of PM across facility volume (separately for academic and nonacademic facilities), as previously described.
Finally, we assessed the association of facility volume with the likelihood of receiving adjuvant CRT among patients with PM, using a multivariable generalized estimating equation model. Predicted and observed probabilities of receiving CRT were then plotted across facility volume.
All analysis was performed using Stata, version 14.2 (StataCorp). All tests were 2 sided, and P < .05 was considered statistically significant.
Results
We identified 28 840 patients who met selection criteria. Characteristics of the final cohort are detailed in Table 1 . The overall PM rate was 17.6%, and the average age was 62.4 years (range, 40 to ≥90 years). A majority of patients were white (84.6% 
Predictors of PM
Risk ratios (RR) of PM according to patient and facility characteristics are detailed in Table 2 . Patients who were younger; male; black; had Medicaid insurance; had primary sites of the oropharynx, hypopharynx, or larynx; and had higher tumor grade or TNM stage were all significantly more likely to have PM. Higher facility volume was associated with lower PM rate (compared with the lowest-volume quartile: RR, 0.63 [95% CI, 
Receipt of Adjuvant Chemoradiation Therapy for PM
In contrast, we observed no association between facility volume and patient likelihood of receiving adjuvant CRT in the setting of PM (Figure 3) (aOR, 0.96 per 10-case volume increase [95% CI, 0.91-1.00]). This was true among both the observed data and the probabilities predicted by the multivariable model. Notably, the predicted likelihood of receiving CRT in the setting of PM was less than 50% regardless of facility volume.
Discussion
We found that surgical treatment for HNSCC at a low-volume facility was associated with an increased likelihood of PM. This 
Research Original Investigation
Association of Facility Volume With Positive Margin Rate in Head and Neck Cancer Surgical Treatment association persisted whether surgery was performed at an academic or nonacademic facility, despite overall volume differences between these 2 types of facilities. We found no association between facility volume and the use of adjuvant CRT in the setting of PM. The present study focused on the influence of volume on the surgical outcome of PM, a clear measure of surgical success and patient prognosis. The findings of this study contribute to the growing body of literature examining the association between surgical volume and outcomes in head and neck oncology. 17 In studies limited to single head and neck subsites, high-volume hospitals and surgeons have been found to be associated with improved survival, shorter hospitalization stays, lower cost of care, and lower complication rates.
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It has been suggested that high-volume facilities and surgeons benefit from the coordination of a large, experienced team of specialists who are properly equipped and trained to care for patients with complex head and neck cancer. 8 
Surgical Volume and PM
Among the high-risk features in HNSCC, PM is the only one in which the surgeon has some control, independent of facility factors. Previously published studies examining the relationship between volume and PM have only included oral cavity cancers. 12, 13, 22 A recent study by Ellis et al 12 on oral cavity cancer found that higher-volume surgeons delivered larger surgical margins than lower-volume surgeons and that surgeon volume had the single greatest influence on surgical margin dimensions. This has important clinical implications because, according to NCCN guidelines, surgery is the recommended primary treatment modality for oral cavity cancer. 1 In contrast to that study, which included only 250 patients with oral cancer from a single institution, the present study included nearly 30 000 patients with HNSCC from a national database. An older oral cancer study found a close association between a close margin or PM and histological indicators of aggressive disease, although not with the treating surgeon.
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However, that study only included 2 surgeons and did not define their caseloads. The authors argued that a close margin or PM should be considered "a product of aggressive tumor behavior in addition to, or even rather than, inadequate surgical resection." 22(p34) However, aggressive tumor biology
should not be a reason to forgo a more radical surgery or deem a patient unresectable, especially with the reconstructive options currently available to help reduce the cosmetic and functional morbidity of such resections.
A similar NCDB analysis of PM in localized stage oral cancers (stage I/II) was performed by Luryi et al. 13 The authors found that treatment at low-volume facilities and at nonacademic facilities was associated with an independent increase in the risk of PM. Treatment at facilities reporting fewer than 20 cases per year was associated with a 30% increase in incidence of PM compared with those reporting more than 20 cases per year. Similarly, treatment at nonacademic facilities was associated with a 23% increase in PM compared with academic facilities. However, that study was limited to only localized stage oral cavity cancer from an older data set. The present study adds to the current literature by using a large, contemporary data set and including all TNM stages and head and neck subsites.
Positive Margin and Guidelines Adherence
The present study found that facility volume was not associated with the use of adjuvant CRT in the setting of PM. We demonstrated that the overall likelihood of receiving CRT was approximately 50%. The use of adjuvant CRT in the setting of PM following surgery for HNSCC is a category 1 recommendation according to NCCN guidelines (except for oropharynx primary cancer, which is a category 2a recommendation). 1 Moreover, a recent analysis of the NCDB by our group confirmed a significant survival benefit with the use of adjuvant CRT in patients who have PM after surgery. 23 Our CRT analysis is exploratory and did not evaluate its administration by site or stage, but our findings highlight concerns over guideline adherence in the management of head and neck cancer and requires further investigation. Lewis et al 24 found that prereferral care among patients referred to the University of Texas MD Anderson Cancer Center, a high-volume, tertiary care center, was noncompliant with NCCN guidelines in 43% of patients. Remarkably, found that higher hospital and surgeon volumes for head and neck cancer were associated with higher rates of adherence to guideline-recommended processes of care. Such findings underscore the potential value of highly specialized referral centers with high caseloads for the proper management of HNSCC.
Other Factors Associated With PM
The availability of frozen sections has been evaluated for its potential influence on surgical margins. Frozen sections provide preliminary margin status intraoperatively with the goal of achieving definitive clear margins. Although frozen sections are highly accurate in the evaluation of margins for HNSCC, 27 the selection of representative margins for intraoperative analysiswhether from the tumor bed or main specimen-and its effect on recurrence and survival is still an area of contention. 28, 29 It also adds to the operative time and incurs extra service costs. The availability of frozen sections during the surgical resection of HNSCC could theoretically lower the rate of PM, but there is conflicting evidence in the literature that neither supports nor refutes this relationship. 12 The availability of a reconstructive surgeon, with the ability to perform microvascular free flap reconstruction, is another potential factor that can influence margin status. It can be hypothesized that the availability of microvascular free tissue transfer allows for a more aggressive tumor resection to achieve clear margins, despite the potential creation of extensive functional and cosmetic defects. In 2 small retrospective studies on surgically resectable oral cavity squamous cell carcinoma, 12, 30 no association was found between the presence of PM and reconstruction with free tissue transfer, as opposed to a locoregional flap. A large retrospective study on only T3 and T4 category oral cancers, 31 however, showed a significant decrease in the rate of PM (from 18% to 7%) after the introduction of routine free flap reconstruction. It may be that the larger ablative surgeries required for locally advanced HNSCC are more likely to be limited in scope if free flap reconstruction is not available. Such may be the scenario at lower-volume hospitals where the low caseload does not attract or warrant the hiring of reconstructive surgeons, or justify supporting patients' complex postoperative care needs.
Limitations
The availability of intraoperative margin analysis and a reconstructive surgeon are possible confounding factors that are not included in our analysis, because these datapoints are not available in the NCDB. There are several other important limitations to our work. As a retrospective observational study, it is difficult to draw any causal conclusions about observed associations. The NCDB is also a facility-based data set that only captures cancers diagnosed at CoC-accredited facilities, which may not reflect trends in oncologic outcomes for non-CoC-accredited facilities. Importantly, there is no universally accepted definition of what constitutes a negative, close, or positive margin, which makes it challenging to compare surgical outcomes among different facilities. 6 This ambiguity can lead to database coding errors and can bias the choice of adjuvant therapy at individual treating centers. The margin status reported in the NCDB is taken from the pathology report from the reporting facility. It is not necessarily reflective of the margin status as determined by the surgeon or from a multidisciplinary tumor board discussion, where decisions regarding adjuvant therapy are often made. Finally, we are unable to evaluate the relationship between PM and surgeon volume, treated separately from hospital volume, as this information is not available in the NCDB.
Conclusions
These findings suggest that high-volume facilities have lower rates of PM in the surgical treatment of HNSCC in both the academic and nonacademic settings. Despite this discrepancy between high-and low-volume facilities, there is no corresponding difference in the use of guidelinerecommended adjuvant CRT. This study underscores the benefits of high-volume HNSCC centers on surgical outcomes and should be a consideration when deciding where to refer, or receive, cancer care. Positive margin rates and facility volume for head and neck oncologic surgeries may be considered a benchmark for quality of care.
